Introduction selection for explaining how new alleles arise in populations and why we see so many (Wright, 60 1939) . Iwasa and Sasaki (1987) also constructed a model for why only two mating types might 61 remain. In this model, individuals or gametes can wait, without cost, for a suitable mate, and 62 populations tend to lose all but two mating types most likely due to drift. More recent theory 63 focuses on explaining more actively why we often only see two mating types (reviewed in 64 Billiard et al., 2011) . The evolution of anisogamy, cytoplasmic conflict leading to uniparental 65 organellar inheritance, and high selfing rates that reduce the cost of finding a mate are just a few 66 of the hypothesized constraints on the evolution of more than two mating types.
67
Dictyostelium discoideum shows evidence of intermediate numbers of mating types.
68
These social amoebae and other members of the Dictyosteliidae produce a sexual structure called 69 a macrocyst, the diploid fusion product of two haploid cells of different mating types (Blaskovics 70 & Raper, 1957; Filosa & Dengler, 1972; Erdos et al., 1973a,b; O'Day, 1979; O'Day & Durston, 71 1979; Saga & Yanagisawa, 1983; O'Day & Keszei, 2012; Bloomfield, 2013) . Dictyostelia 72 exhibit a variety of mating strategies with evidence of homothallic, or self-compatible species, as 73 well as systems of 2, 3 and 4 mating types (Erdos et al., 1973a (Erdos et al., , 1975 Clark et al., 1973; Francis, 74 1975; Cavender et al., 1981 Cavender et al., , 2005 Chang & Raper, 1981; Kawakami & Hagiwara, 1999) . The 75 most commonly studied of these, D. discoideum, has three self-incompatible mating types 76 determined by a single locus with three alleles, which cannot mate with themselves but can mate 77 with either of the other two types (Erdos et al., 1973a; Clark et al., 1973; Bloomfield et al., 78 2010). We know that sex is common in nature from evidence of rapid decay in linkage 79 disequilibrium with distance along the chromosome and recombinant genotypes in wild 80 populations (Flowers et al., 2010) . However, direct evidence from hatching macrocysts in the 81 lab has been challenging to obtain. Though much of the process has been documented, many 82 aspects of the D. discoideum mating system are still yet to be understood. One such missing 83 element is a clearer understanding of how the number and distribution of its mating types fit in 84 with the theory that explains mating type evolution in the rest of the eukaryotes. What keeps D. 85 discoideum at three?
86
The possible selective pressures maintaining low numbers of mating types in microbial 87 eukaryotes are likely to vary across lineages, as indicated in ciliates (Phadke & Zufall, 2009 First, physical differences between gametes, most notably size differences, have been associated 94 with the evolution and maintenance of two-sex systems (Randerson & Hurst, 2001; Bulmer & 95 Parker, 2002) . This type of reproduction, labeled anisogamy, can result from disruptive selection 96 favoring increases in both the size and number of gametes. Once this happens, it removes the 97 frequency dependent advantages of a rare sex, as gametes are no longer universally compatible.
98
Small gametes only mate with large gametes and vice versa. While anisogamy is common in 99 multicellular organisms, the opposite, isogamy, is more often found in unicellular organisms 100 where vegetative structures are less complex and increased gamete size yields less of a 101 reproductive fitness gain (Parker et al., 1972; Knowlton, 1974; Bell, 1978 (Iwasa & Sasaki, 1987) , equal sex ratios are predicted to be caused and maintained by a 109 frequency-dependent selection favoring the rarer sex (Fisher, 1930; Wright, 1939 numbers of some mating types may result from other sources of selection or drift.
117
Second, unlike neutral alleles, genes responsible for sex determination or mating 118 compatibility are generally under balancing selection. Evidence for this is fairly ubiquitous in 119 sexual species, most notably in self-incompatibility alleles in plants (Vekemans & Slatkin, 1994) 120 and mating compatibility genes in fungi (May et al., 1999) . Balancing selection contributes to 121 both allelic diversification and the maintenance of ancient alleles. Allelic diversification, as 122 proposed by models for the evolution of high numbers of sex determination alleles in which rare 123 types are favored in the population, has been discussed previously (Wright, 1939; Iwasa & 124 Sasaki, 1987) . But, balancing selection also tends to maintain alleles for mating compatibility in 125 a population over long periods of evolutionary time (reviewed in Delph & Kelly, 2014 
150
In choosing our clones, we accounted for the possibility of oversampling issues affecting 151 our results. Many more isolates were collected from the populations we focused on here than 152 were used in this study. We used information on soil sample, mating type and microsatellite 153 allele markers to make sure our list of clones was comprised of independent samples. Isolates 154 from different soil samples were assumed to be independent samples but duplicate isolates from 155 a single soil sample were excluded whenever they showed the same mating type and the same 156 genotypes at five microsatellite loci.
157

Gamete Size Measurement
158
To measure gamete size, we sampled multiple clones from each of the three self- Specifically, we plated 2x10 5 spores on LP agar plates (0.1% lactose, 0.1% peptone, 1.5% agar)
165
in an excess of Bonner's salt solution (SS: 0.06% NaCl, 0.03% CaCl2, 0.075% KCl) with K.
166
pneumoniae and incubated the plates in the dark for 3 days at 22° C. We then collected the 167 resulting dark-grown cells and measured the cell diameters using a Nexcelom Cellometer Auto 168 1000 (Lawrence, MA). We used the default settings with the exception of a cell size minimum 169 set to 5 um and a maximum set to 15 um. In each population, we measured 160 cell diameters 170 from each of four to six clones per mating type.
171
For comparison, we also measured the size of cells grown in conditions conducive for 172 fruiting body formation in order to get at vegetative cell sizes when clones are not preparing for sexual fusion. We plated 2x10 5 spores on SM/5 agar plates with K. pneumoniae and allowed the 174 plates to grow on a bench for ~36 hours. We collected pre-aggregate vegetative cells in buffer
175
and used the same methods as previous for measuring cell diameters.
176
Mating Type Identification and Microsatellite Analysis
177
We developed mating type specific primers (see Table S2 Fig. 1A-1B) . Overall, we found that gametes were Iwasa and Sasaki (1987) .
296
This is consistent with the fact that we see more than two mating types in D. discoideum.
297
We also found evidence for balancing selection acting on the frequencies of the mating types are expected to reach a stable equilibrium where all mating types are equal in a population.
320
The few known examples come from ciliates, where equal frequencies of multiple mating types disadvantage that is so weak that it is unable to maintain allele frequencies that are even or 332 uniform across populations. Such a weak rare sex advantage might also explain why the number 333 of sexes has remained low.
334
Conclusions and Implications for Future Research
335
Since relatively little is known about macrocysts in D. discoideum compared to the more 336 commonly studied fruiting body, the intent of this study was to further characterize aspects of the 337 sexual cycle that could shed light on how low numbers of mating types are maintained. In doing 338 so, we found evidence of isogamy and balancing selection, both conducive for the evolution of 339 multiple mating types. However, we also found evidence for drift acting on the mating types that 340 could explain why we only see three mating types. Returning to the original models proposed by
341
Iwasa and Sasaki (1987) , in which a common sex disadvantage promotes the evolution of many 342 mating types but drift can reduce that number to just two, we suspect that the missing piece to 343 this puzzle may be a more thorough understanding of the cost of mating (or not) in D.
344
discoideum. These models predict a very large number of mating types to evolve if common 345 mating types suffer a fitness cost for not having as many potential mating partners, but only two 346 if they do not. We know that mating in D. discoideum is a potentially costly event in itself.
347
Though not addressed here, macrocyst formation is a uniquely social process that differs from participating could further our understanding of how the mating system is maintained. Table S1 . Dictyostelium discoideum clones from the four populations used in this study (LF = Linville Falls [35°57.197' N, 81°56.516' W] 
